Identification of proline residues responsible for the slow folding kinetics in pectate lyase C by mutagenesis.
The folding mechanism of pectate lyase C (pelC) involves two slow phases that have been attributed to proline isomerization. To have a more detailed and complete understanding of the folding mechanism, experiments have been carried out to identify the prolyl-peptide bonds responsible for the slow kinetics. Site-directed mutagenesis has been used to mutate each of the prolines in pelC to alanine or valine. It has been determined that isomerization of the Leu219-Pro220 peptide bond is responsible for the slowest folding phase observed. The mutant P220A shows kinetic behavior that is identical to the wild-type protein except that the 46-s phase is eliminated. The Leu219-Pro220 peptide bond is cis in the native enzyme. An analysis of the free energy of unfolding of this mutant indicates that the mutation destabilizes the protein by about 4 kcal/mol. However, it appears that the major refolding pathways are unaltered. Further mutations were carried out in order to assign the peptide bond responsible for the 21-s folding phase in pelC. Mutation of the remaining 11 prolines, which are trans in the native enzyme, resulted in no significant changes in the kinetic folding behavior. The conclusion from these experiments is that the 21-s phase involves isomerization of more than one prolyl-peptide bond with similar activation energies.